The complete sequence of the transposable DNA element IS2 in gal OP-3O8:: IS2(I) has been determined. This element is 1.327 bp long. The integrated element is flanked by a five base pair long sequence duplication. The termini of IS2 are not perfect inverted repeats, but a close approximation.
INTRODUCTION
The transposable DNA element IS2 is about 1.300 bp long and occurs as a natural component of both the E.coli chromosome and F-plasmid DNA. While there are multiple copies of IS2 in the bacterial chromosome, only one copy has been found in F-plasmid DNA (1) . Some of the characteristics of IS2 are summarized below:
1.) The IS2 element in F-plasmids provides a site for integration of F into the bacterial chromosome during formation of an Hfr strain. IS2 also plays a rfile in the generation of various F-prime plasmids (for review see 2) .
2.) IS2 is involved in certain forms of illegitimate recombination, processes of sequence rearrangement which require neither extensive sequence homology nor rec A dependent enzymes. For example, IS2 can transpose to other sites in the chromosome, where it may cause a mutation by integrating into a gene. It can also be accurately excised, thus restoring gene function at the original integration site (3) . Furthermore, in Borne cases IS2 seems to mediate deletions of adjacent DNA sequences (4, 5) .
3.) IS2 can interfere with the transcription of neighbouring genes. When IS2 inserts into an operon, it can influence the expression of adjacent genes in one of two ways, depending upon its orientation. In orientation I (polar orientation) it causes a severe reduction in the transcription of the promoter distal genes in the operon (3) . This is appa-rently due to the presence of a transcription termination signal on IS2 in orientation I, since the effect is suppressed by mutations in the gene coding for the p termination protein (6, 7) . when integrated into an operon in the opposite orientation, orientation II, IS2 has the reverse effect. It turns on the expression of promoter distal genes, causing a level of transcription which is three-fold higher than normal (8) . This suggested the presence of a promoter on IS2 in orientation II (9) .
4.) IS2 can also undergo internal changes which lead to expression of adjacent genes. Two of the changes were due to the addition of small DNA segments within IS2 (10) . The determination of the DNA sequence of these mutants revealed that they had arisen by multiplication and rearrangement of a particular segment of IS2 (11, 12) . However, the repertoire of internal sequence rearrangements within IS2 ia apparently not exhausted by these two mutants; recently we observed still other changes occuring within IS2 which cause turn-on of transcription but are apparently not due to DNA additions.
The present paper reports the entire DNA sequence of IS2. Since the ends of IS2 seem to play an important role in illegitimate recombination, it was hoped that the sequences of the termini might reveal relevant details. From the sequence of IS2, signal structures such as promoters or termination sites might be able to be identified, supplementing genetic data. Furthermore, analysis of the sequence might facilitate the localization of sequence rearrangements in various mutants of IS2 and, finally, the sequence might show whether IS2 is capable of coding for any proteins.
MATERIALS AND METHODS
The plasmid strain used in the sequence determination of IS2 is pDG-12, which carries one copy of IS2 in the operator-promoter region of the galactose operon in orientation I (gal OP-3O8::IS2) (10) . Isolation of the plasmid, the restriction fragment analysis, isolation of the DNA fragments by preparative gel electrophoresis, 5' -P -labelling of the fragments, strand separation and analysis of the nucleotide sequence have been described previously (11) . In short, suitable restriction fragments (see fig.l 
2.) DNA sequence of IS2
The DNA sequence of the gal region from the Hpa II site within gal E to the Hinfl site within gal OP has already been published (14) and was confirmed by this study. In addition we have already reported the DNA sequence of the terminus of IS2 close to gal E from position 1.327 -1.219 (11) . In that report, however, numbering of IS2 was begun at the gal E end. The DNA strands sequenced in this study and the extent of overlapping sequences determined is shown in fig. 2 . Fig.2 The wavy lines indicate gal material, while the straight line represents IS2. The arrowheads designate the 3 1 ends of the DNA strands. The arrows above the line show the segments sequenced from one DNA strand, while the arrows below the line denote the portions of the complementary DNA strand sequenced. The solid part of the arrows indicates sequences actually read off the gels, while the dotted parts were not read. The dotted lines were included to show the 5' end of the fragment sequenced. 58% of the total IS2 sequence was obtained from both overlapping DNA strands. In segments where only one DNA strand was available, the sequencing was done at least three times. Since five copies of IS2 have been found to occur in the E.coli chromosome and each in principle could carry its own 5 bp long integration sequence the above mentioned alternative is still open. Nonetheless, we favour the formation of a 5 bp long repeat during the integration process. In the eleven IS1 induced mutations sequenced so far a duplication of 9 bp has been found at the ends of the integrated IS1 element. The sequence of this duplication is different in ten of the eleven mutants (17, 18, 19) . In the case of IS1 evidence has been presented showing that this sequence duplication is generated during the integration process (20) . The upper line shows the nucleotide sequence of a single strand of the ENA in part of the control region of the wildtype gal operon. One area of two-fold rotational symmetry is indicated by the arrows below the sequence and the center of symmetry is marked x. The lower sequence is that of gal OP-3O8::IS2. All gal sequences are written in the horizontal line, while the IS2 sequences branch off. The 5 bp duplication within the gal sequences is marked by boxes. A hypothetical scheme of hydrogen bonding between the two termini of IS2 is presented to demonstrate how they are related. Normal basepairs are separated by -, other hydrogen bonded pairs by. , and non bonded pyrimidine pairs have no symbol. the DNA sequence of an integrated element reported in this paper does not suggest any obvious mechanism for this specificity. That there is no unique UNA sequence for the integration of IS2 in the gal control region is shown by comparison of the integration sites of the two mutants gal OP-3O8 and gal OP-49O. In gal OP-49O::IS2(I), the insertion element is integrated between the first two nucleotides of the gal leader sequence (21) , while the IS2 in 3O8 is displaced by one nucleotide and located Just ahead of the leader sequence. This single nucleotide displacement has a remarkable effect on gal E gene expression. While gal epimerase la found in gal 0P-3O8 at the same (low) levels as kinase and transferase (3, 8) , essentially no gal epimerase is detected in gal OP-49O (16) . The lack of epimerase in gal OP-490 might either be due to the location of the integrated IS2 element in the gal leader sequence or it might reflect differences in DNA sequence between the two IS2 elements.
b) Termini of IS2
The termini of IS2 are certainly not perfect inverted repeats, but a close approximation. As shown in fig. 4 , 32 out of 41 bases from each terminus could form normal hydrogen bonded pairs. Whether this is important for transposition of IS2 is not known. The differences between the termini might account for the observation that IS2 induces deletions at different frequencies depending on the orientation of its integration (2) . When the DNA sequence of the left terminus of IS2 in gal OP-308 was compared with the DNA sequence of the left terminus of IS2 in X r 32 (21) we observed the following differences:
Thus it seems that the sequence of at least this part of the element differs among the various copies of IS2 in the bacterial chromosome. The DNA sequences of IS2 in X r32 is only published to the extent shown. The r61e of this sequence divergence is not known.
c) Restriction sites on IS2
The list of restriction endonuclease cleavage sites given below might facilitate sequence comparison between the various copies of IS2 known to exist in the E.coli chromosome and in some plasmid DNAs.
The results of a computer search for signals on IS2 involved in gene expression, such as promoters, mRNA termination sites, translation start and stop signals are described in the following paragraphs.
d) "Orientation I" sequence
The sequence of the upper DNA strand of IS2 shown in fig. 3 was analyzed.
This corresponds to the mENA that would be produced on IS2 in orientation I if transcription were to start at gal OP.
To localize promoters and rho-sensitive termination signals on IS2, the DNA sequence of IS2 was compared with the sequences of known promoters and termination sites by computer.
No promoter was thus found on this strand of IS2. But there is a sequence near position 1.23O which resembles the rho-sensitive termination sites of tRNA T y r (22) As in orientation I, in orientation II we also find a sequence reTvr sembling the rho-sensitive termination site of tRNA (see paragraph d).
However, this site is not located close to a terminus but in the more in- 
